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Historicka geologie:

studuje vyvoj Zemé, prostiedi na Zemi a vyvoj zivota v Case

kombinuje udaje z mnoha dil¢ich geologickych disciplin

sedimentologie

stratigrafie

strukturni geologie

geotektoniky (deskové tektoniky) a paleogeografie
paleobiogeografie

paleontologie

Zkouma geologickou historii jako vykyvy (zmény parametri) v ¢ase a vysvétluje procesy (pravidla a

principy, které tyto vykyvy fidi).

Hlavni témata:

Paleoenvironmentalni analyza: interpretuje podminky prostfedi z horninového zaznamu (napf.
ficni a jezerni systémy, laguny, hlobokomoi'ské systémy, atd.)

Geologicky ¢as: jak urcovat ¢iselné a relativni staii hornin

Casové a stratigrafické Skaly: jejich konstrukce a interpretace

Orogeneze: vznika (a zanik) horskych pasem

Princip biotické evoluce

Vznik a pohyb kontinenti (kontinentalni hornin) v ¢ase

Pavod, diverzifikace a vymirani hlavnich skupin organismii v historii Zemé

STRATIGRAFIE

.Nauka o vrstevnich sledech® (princip superpozice)
Zabyva se relativnim méfenim Casu v geologii

Studuje ,horninové jednotky“ a interpretuje horninové
sledy jako sled udalosti v d&jinach Zemé (,kli¢“ k
pochopeni historie planety Zemé)

Soucasti témér vSech geologickych disciplin (stafi hornin
je jednou ze zakladnich informaci, se kterou pracuji
vSichni geologové)
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" JEE——
Historie

N. Steno, 1669, Princip superpozice a souvisejici
principy

m “No geology existed prior to Hutton®
J. Hutton, princip uniformity, uniformitarianismus

m Charles Lyell, Principles of Geology

m W, Strata“ Smith, zaklady biostratigrafie, principle of
faunal succession (,stejnych zkamenélin®)

m Lamarck, Darwin, evoluéni teorie

m A Gressley, pojem facie, interpretace
m horninovych celkd ve smyslu prostfedi vznik

. 2 -

*A strong promoter of uniformitarian
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Geotektonické hypotézy

m J.D. Dana, J. Hall, geosynklinalni
hypotéza

m M. Bertrand, teorie pfikrovu
m A. L. Wegener, kontinentalni drift
m Harry Hess, sea-floor spreading

m J.Tuzo Wilson, transform faults,
Wilson cycle

Datovani hornin

m E. Rutherford, manzelé Curieovi, objev
radioaktivity, poCatek 20. stol.

= W. F. Libby (Nobel prize 1960), 24C dating
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Chronostratigraficka Skala

m Definice mnoha utvard (Cambrian, Silurian,
Devonian, Permian) v poloviné 19. stol (R.
Murchinson, A. Sedgwick)

m 2. pol. 19. stol., vytvofeni chronostratigrafické
Skaly

m Mezinarodni navody lito- a biostratigrafické
klasifikace a nomenklatury, Hedberg 1976,

Zakladni stratigrafické principy



1.

Princip superpozice — ve vertikalnim sledu usazenych nebo vulkanickych hornin je horninova
jednotka ulozena MLADSI nez jednotka uloZena nize. Smér dolii = postup v Gase k starsim
obdobim; smér nahoru = postup v ¢ase k mladsim obdobim.

Princip pivodni horizontality vrstev — vrstvy hornin se piivodné ukladaly vodorovné nebo
téméf vodorovné se zemskym povrchem.

Princip lateralniho rozsifeni vrstev — horninova jednotka (vrstva) pokracuje lateralné
(bo¢né), dokud nenarazi na prekazku nebo zménu, ktera ji v tom zabrani.

Princip priniku — struktura, ktera protina jinou strukturu je mladsi; struktura, ktera je
protnuta, je mladsi

Princip inkluze — struktura, ktera je uzaviena (inkludovéana) v jiné struktufe, je star$i neZ ona
uzavirajici struktura.

Princip uniformity (,,uniformitarianismus®, ,,aktualismus*) — procesy probihajici v
minulosti byly podminény stejnymi fyzikalnimi zakony, které plati dnes.

Time 1 Stratum A deposited

Reading the Record of
s Time in Sedimentary
Rocks - Steno’s Laws

* Law of Superposition

Sran - sediment deposited in layers on
atum A
seafloor or land surface

— each succeeding layer buries
strata underneath

i — oldest stratum at bottom
— youngest stratum at top

Stratum B
[Fig3-4

Time 2: Stratum B deposited

Time 3: Stratum C deposited

PRINCIP SUPERPOZICE
*Ve sledu vrstev je jakakoli vrstva mladsi nez sled podloznich vrstev a star§i nez vrstvy, které lezi na ni. "... at the time
when any given stratum was being formed, all the matter resting upon it was fluid, and, therefore, at the time when the
lower stratum was being formed, none of the upper strata existed." Steno, 1669.
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Princip superpozice Ka.-b.bg'{e;to e

Grand Canyon -~ ' %7
Supai Group (pensylvan — perm) '\

g
1

Redwall Limestone (missisip)

Bright Angel Shalé (kambrium)

VishnuGroup
(archaikum)

Redwall
Limestone

Steno’s Stratigraphic Laws

* Law of Superposition i O
— strata are progressively T
younger from bottom to top :

of section

« Law of Original Horizontality

- strata deposited in horizontal
layers

— tilted rocks have been

deformed A

PRINCIP PUVODNI HORIZONTALITY
*Vrstvy se ukladaji horizontilné a teprve poté mohou byt deformovany do riznych jinych pozic. ,,Vrstvy kolmé
nebo Sikmo uklonéné vici horizontu byly kdysi rovnobézné s horizontem." Steno, 1669.
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Princip pavodni horizontality vrstev ©

'—
Princip lateralni kontinuity vrstev

Vrstvy si lze predstavit tak, Ze pokraduji do dalky od mista pozorovani. ,Material vytvarejici vrstvu
pokracoval nepretrzité na povrchu Zemé az do mista, kde mu v cesté stala pevna prekazka" Steno,
1669

sedimentaéni panev
eroze

vyklifiovani vrstev
stratigraficka korelace

Sandstone layer

Floor of sedimentary basin

A
Stratum terminates Stratum terminates
by thinning at margin by grading into different
of sedimentary basin kind of sediment

B http://higheredbcs.wiley.com/legacy/college/levin/0471697435/ch
ap_tut/chaps/chapter02-02.html
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The principle of lateral continuity

Rocks that are otherwise similar, but are now separated by a valley
or erosional feature, can be assumed to be originally continuous.
Assumed without Evidence

_ - Ashford ...

https://malagabay.wordpress.com/2013/07/08/geology-the-dreadful-science/

Relativni datovani: stratigraficka inkluze,
stratigraficky prunik

PRINCIP PRUNIKU
* Objekty, které protinaji vrstvy jsou pravdépodobné mladsi nez tyto vrstvy. ,,Jestlize té€leso nebo diskontinuita protina
vrstvu, muselo vzniknout az po této vrstveé." Steno, 1669

Fault A

Fault B
Dike A
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Relativni datovani:
stratigraficka inkluze,
stratigraficky prunik

A. Intrusive
igneous rock

Princip inkluze See Levin, 5th edition, p. 14-15

Note the irregular erosional surface. This is an unconformity. The
clasts (in the bed above the unconformity) are derived from the
underlying (older) bed.

Klasty $térku jsou star$i nez vrstva, kterd je obsahuje (inkluze). Vrstva
obsahujici $térk musi byt mladsi nez vrstva/téleso, ze které klasty
pochazeji

B. Exposure and
weathering of intrusive igneous rock

Inclusions of
igneous rock

C. Deposition of
sedimentary layers

B B
Princip faunalni sukcese byl formulovan Williamem Smithem na konci 18. stoleti, ktery pozoroval a
studoval fosilie uzavfené v horninovych vrstvach.

Princip fika, ze nejstarsi fosilie ve sledu vrstev sedimentanich hornin se nachazi v nejnize lezici
vrstvé (vrstva A). Postupné mladsi fosilie se objevuiji ve vySe lezicich vrstvach (vrstva B).

Jedna se o stejny princip jako superpozice, zaloZeny na biotické evoluci. Mladsi organismy nahrazuji starsi,
které vymiraji.

T b ATRATRLD GATER

The Geological
Record

+ In Darwin’s day the
basic concepts of the
new science of geol-
ogy were just
beginning to be filled
in.

¢ Inthe 1790°s an
enthusi astic amateur,
Wm. “Strata™ Smith,
had realized that the
types of fossils found
in each rock layer
were quite different
from those in other
strata.
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,Princip stejnych zkamenélin’

I 4

1

Age of rock unit A

Princip uniformity - aktualismu

PRINCIPLE OF UNIFORMITARIANISM based onrealizing that "The Present is the key to the Past.,,

a.
b.
c.

d.

To understand past, study processes at work today.
Origin of rocks understood by how rocks form now.
Geologic processes are uniform through Earth history, with only a few minor exceptions.

Rates that processes work are NOT uniform.

a more general statement saying: "The laws of nature are constant thru time.,,

1.
2.

Scientific experiments always give same results.

Actualism is a fund tal pt of all sci 5 itwas generalized from geological
uniformitarianism.

Differencies in the past

Chemical parameters

1)  Different salinity of the oceans — Precambriam

2)  Composition of the atmosphere

3)  Different sediments (some U deposits, banded iron formations)

Evolution of bilogical systems

1) Hadaikum — no life

2)  Absence of floral cover

3)  Changes in environmental requirements

Different intensity of geological processes — orogenic cycles, climatic oscillations
Different astronomical parameters — slower the rotation of Earth

10



LENGTH OF THE DAY

Narrative:
The length of day and number of days per year is slowly changing.

Tidal friction on Earth of lunar and solar tides slows it down. Also, the moon is slowly
retreating from the Earth.

Rate: rotation - slows by 1.7 milliseconds/year
moon retreat - 5 cm/year

Geophysical calculations of slowing are validated by evidence from fossils - which record
daily bands and lunar cycles.
(primarily the frequency and magnitude of tides)

-Stromatolites
-Corals
-Bivalves

900 million years B.C. -- day: 18 hours; 440 days/year

150 million years B.C. -- day: 23.5 hours; 370 days/year
(late Jurassic)

Modern -- day: 24 hours; 365.25 days/year

Circadian rhythm in higher animals does not adjust to a period of less than 17-19 hours per
day.
Therefore, records the time of emergence of metazoans.

" JEE
Stratigrafické hranice / kontakty
Geometrické vyjadfeni hranic vrstev

1. Boundaries - Contacts
- Contacts separate different rock types 1. Konkordance
a) Conformable
-No rocks or interpreted time is missing 2. Diskordance
-b) Unconformable - unconformity

. o - skryta
- Rocks and or interpreted time is missing at the contact

(disconformity)

(1) Angular Unconformity fig. 8.5

- Angular discordance of bedding - Uhlova (angu|ar
(2) Disconformity Fig. 8.4 unconformity)

- Irregular erosional surface

- Nonirregular erosional surface - nonconformity

(3) Nonconformity

-Sed. rocks overlie older, massive igneous and/or metamorphic

rocks

(4) Diasthem — minor depositional break without erosion

11/12/2018
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Uhlova
diskordance

Nonconformita

Skryta
diskordance

FIGURE 3-47 Three types of erosional
unconformities. (A) Angular unconformity.
(B) Nonconformity. (C) Disconformity.

" NN

Uhlova diskordance

Hutton Reads the Unconformity at
Siccar Point, Scotland

+ Unconformity is ancient erosion surface buried by
younger strata

+ Gently dipping strata
of the Old Red
sandstone rest on
truncated vertical
beds of Caledonian
strata

+ What do you see?

University of Geology 101 Environmental Geology Lecture 4 Slide 9
Connecticut Ray Joesten

11/12/2018
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Posloupnost procesu vzniku thlové diskordance

Eroded

Sea level

Angular unconformity Sea level

Rocks are uplifted, tilted, Rocks subside below sea level,
Sediment is deposited and eroded. and layers A and B are deposited
below sea level. on the eroded surface.

" JMENSSSEE

Hiat: pferuSeni sedimentace, Casové vyjadfeni mezery v sedimentarnim zaznamu

Skryta
diskordance
s hiatem:
ordovik -
silur

13



Transgrese

-Posun pobfezni ¢ary smérem na sou$

-Posun erozni baze smérem na sou$

Regrese

-Posun pobfezni ¢ary smérem do more
-Posun erozni baze smérem do more

g

PFi¢iny transgresi a regresi

Subsidence (pokles
podlozi) a vyzdvih
(podlozi)

Subsidence > transgrese

Vyzdvih > regrese

Pfisun sedimentu

Rychly pfisun sedimentu - regrese

—

Zmény morské hladiny
Vzestup mofské hladiny - transgrese
Pokles mofiské hladiny - regrese

t
\
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PFiciny poklesu a vzestupu hladiny svétového oceanu:
1. Sterické (zmény v hustoté morské vody)
2. Eustatické (zmény v objemu mofrské vody)

= EUSTATIC sea level change: change in Ocean Mass

/

Water mass exchange with
continental reservoirs, mountain glaciers
and ice sheets

" NS

Glacioeustatické zmény mofrské hladiny:
Fixace mofské vody v ledovcich - pokles hladiny

The Oceans: Sea Level Changes

Ice Sheets:

Water stored in
ice sheets results
in the lowering
of the sea level.

Example:
Antarctic ice ~66 m
sea level change

Greenland ice ~ 6 m
Sea level change

11/12/2018
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Tektonické pfi¢iny zmén hladiny mofské vody:
Kontinentalni kolize > z vétSeni plochy

sveétového oceanu — eustaticky pokles morské
hladiny

The Oceans: Sea Level Changes

Collision of continents increases the area of ocean
basins, and hence increases the volume of ocean
basins, resulting in a drop of the sea level,

Example: Collision of India and Asia resulted in
40 m sea level drop.

" N
Tektonické pfFic¢iny zmén hladiny mofské vody:
Zvyseni rychlosti rozpinani oceant - zvyseni
objemu stfedooceanskych hibetll — eustaticky
pokles mofské hladiny (a naopak, viz obrazek)

The Oceans: Sea Level Changes

The degree of ocean
floor expansion varies
with sea floor

spreading rates.

Ridge Smaller basin
The changes in the Fast  CTot

“height” of the spreading e
ocean floor alter
the volume of the
ocean basins and
their capacity to
hold water:

Fast spreading =

high sea level Larger basin
Slow spreading = __Thin®

low sea level profile

A ~ 200-300 m
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